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Project Introduction

Computational Fluid Dynamics (CFD) simulations for combustion do not
currently have the predictive capability typically found for non-reacting flows
due to the prohibitively high computational cost incurred when one introduces
detailed chemical kinetics. In this SBIR project, we propose a novel method,
Adaptive Chemistry, to enable such detailed modeling. This method adapts the
reaction mechanism used in CFD to local reaction conditions. Instead of a
single comprehensive reaction mechanism throughout the computation,
smaller, locally valid reduced models are used to accurately capture the
chemical kinetics at a smaller cost. Our Adaptive Chemistry approach seeks to
obtain a reduced model guaranteed to be valid within the variable range for
each grid point, and controls errors rigorously without evaluating the very
expensive full model. Adaptive Chemistry also dynamically constructs a
reduced model library based on real-time reaction conditions to prevent large
memory overhead for arbitrary solution trajectories. This also allows Adaptive
Chemistry to be easily extendable to transient problems. Finally, Adaptive
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